The purpose of this work is to introduce new types of contraction mappings in the sense of a multiplicative metric space. Fixed point results for these contraction mappings in multiplicative metric spaces are obtained. Our presented results generalize, extend, and improve results on the topic in the literature. Moreover, our results cannot be directly obtained as a consequence from the corresponding results in metric spaces. We also state some illustrative examples to claim that our results properly generalize some results in the literature. We apply our main results for proving a fixed point theorem involving a cyclic mapping. MSC: 47H09; 47H10
). Then T has a unique fixed point.
The Kannan fixed point theorem is very important because Subrahmanyam [] proved that the Kannan theorem characterizes the metric completeness of underlying spaces, that is, a metric space X is complete if and only if every Kannan-contraction mapping on X has a fixed point. There is a large literature dealing with Kannan-contraction mappings and their generalizations, some of which are found in [, ], and [] .
A similar contractive condition and fixed point result for this contraction has been introduced by Chatterjea [] .
Theorem . ([]) Let (X, d) be a complete metric spaces and T : X → X be a Chatterjeacontraction mapping, i.e., d(Tx, Ty) ≤ k d(x, Ty) + d(y, Tx) (.)
for all x, y ∈ X, where k ∈ [,
  ). Then T has a unique fixed point.
We see that the conditions (.), (.), and (.) are interesting to study because all conditions are independent.
In , Bashirov et al.
[] defined a new distance, the so-called multiplicative distance, by using the concept of a multiplicative absolute value. After that, by using the idea of a multiplicative distance, Özavşar and Çevikel [] studied multiplicative metric spaces and some topological properties. 
Definition . ([
n → R be defined as follows:
where x = (x  , . . . , x n ), y = (y  , . . . , y n ) ∈ (R + ) n and | · | * : R + → R + is defined as follows:
It is easy to see that all conditions of the multiplicative metric are satisfied. http://www.journalofinequalitiesandapplications.com/content/2014/1/488
where x = (x  , . . . , x n ), y = (y  , . . . , y n ) ∈ R n , holds for the multiplicative metric conditions.
Remark . One can extend the multiplicative metric in Example . to C n by the following definition:
) be a multiplicative metric space, x ∈ X and ε > . We now define a set
which is called a multiplicative open ball of radius ε with center x. Similarly, one can describe a multiplicative closed ball as
) be a multiplicative metric space, {x n } be a sequence in X, and x ∈ X. If, for every multiplicative open ball B ε (x), there exists a natural number N such that n ≥ N ⇒ x n ∈ B ε (x), then the sequence {x n } is said to be multiplicative convergent to x, denoted by x n → * x as n → ∞. 
for all x, y ∈ X, where λ ∈ [, ).
for all x, y ∈ X, where λ ∈ [,   ).
Definition . ([]
) Let (X, d) be a multiplicative metric space. A self-mapping f is said to be a multiplicative Chatterjea-contraction if
By using these ideas, they proved some fixed point theorems on complete multiplicative metric spaces. In fact, fixed point results in the framework of multiplicative metric spaces of Özavşar and Çevikel [] can be directly obtained as a consequence from the corresponding results in metric spaces.
In this paper, we introduce new types of nonlinear mappings, the so-called (α, β)-Banach-contraction, (α, β)-Kannan-contraction and (α, β)-Chatterjea-contraction mappings, in the sense of multiplicative metric spaces and establish the existence of fixed point theorems for such mappings in multiplicative metric spaces by using the concept of cyclic (α, β)-admissible mappings.
Definition . ([]
) Let X be a nonempty set, f be a self-mapping on X, and α, β : X → [, ∞) be two mappings. We say that f is a cyclic (α, β)-admissible mapping if
We also give the example of a nonlinear mapping which is not in the range of application of the results of Özavşar and Çevikel [], but it can be applied to our results. Our fixed point results generalize, extend, and improve results on the topic in the literature. Moreover, our results cannot be directly obtained as a consequence of the corresponding results in metric spaces. Finally, we apply our main results for proving a fixed point theorem involving a cyclic mapping.
Fixed point results in multiplicative metric spaces
First of all, we will introduce the concept of a (α, β)-Banach-contraction mapping in the sense of a multiplicative metric distance.
Definition . Let (X, d) be a multiplicative metric space and let α, β : X → [, ∞) be two mappings. The mapping f : X → X is said to be a multiplicative (α,
Example . Let X = [., ] and d
* : X × X → R be defined as follows:
Define the mappings α, β : X → [, ∞) and f : X → X as follows:
Now we will show that f is a multiplicative (α, β)-Banach-contraction with λ = .. http://www.journalofinequalitiesandapplications.com/content/2014/1/488
Similarly, for x, y ∈ [., .] and x < y, we get 
In the other cases, it is easy to see that condition (.) holds since α(x)β(y) = . Therefore,
for all x, y ∈ X, where λ = .. Hence, f is a multiplicative (α, β)-Banach-contraction mapping.
Remark . In Example ., f is not a multiplicative Banach-contraction mapping. Indeed, for x =  and y = , we get
. Therefore, the class of multiplicative (α, β)-Banach-contraction mappings is a real wider class of Banach-contraction mappings.
Next, we give some fixed point result for multiplicative (α, β)-Banach-contraction mappings in complete multiplicative metric spaces. Proof Starting from a point x  ∈ X in condition (), we get α(x  ) ≥  and β(x  ) ≥ . We will construct the iterative sequence {x n }, where x n = fx n- for all n ∈ N. Since f is a cyclic (α, β)-admissible mapping, we have
By a similar method, we get α(x n ) ≥  and β(x n ) ≥  http://www.journalofinequalitiesandapplications.com/content/2014/1/488 for all n ∈ N. This implies that
λ n for all n ∈ N. Let m, n ∈ N such that m < n, then we get
Letting m, n → ∞, we get d(x m , x n ) → *  and so the sequence {x n } is multiplicative Cauchy. From the completeness of X, there exists z ∈ X such that x n → * z as n → ∞. Now, we assume that f is continuous. Hence, we obtain
Next, we will assume that condition (.) holds. Hence β(z) ≥ . Then we have, for each n ∈ N,
Letting n → ∞, we get d(fz, z) = , that is, fz = z. This shows that z is a fixed point of f . Finally, we show that z is the unique fixed point of f . Assume that y is another fixed point of f . From the hypothesis, we find that α(z) ≥  and β(y) ≥ , and hence
This shows that d(z, y) =  and then z = y. Therefore, z is the unique fixed point of f . This completes the proof. 
Example . Let X = [., ] and d
for all x, y ∈ X, where | · | * : X → X is defined by
It is easy to see that (X, d * ) is a complete multiplicative metric space.
Define mappings α, β : X → [, ∞) and f : X → X as follows: Proof Setting α(x) =  and β(x) =  for all x ∈ X in Theorem ., we get this result.
Here we give the concepts of multiplicative (α, β)-Kannan-contraction and multiplicative (α, β)-Chatterjea-contraction mappings. Also, we establish the fixed point result for these mappings. 
() one of the following conditions holds: Proof Starting from a point x  ∈ X in condition (), we get α(x  ) ≥  and β(x  ) ≥ . We will construct the iterative sequence {x n }, where x n = fx n- for all n ∈ N. Since f is a cyclic (α, β)-admissible mapping, we have
and
By a similar method, we get
for all n ∈ N. From the (α, β)-Kannan-multiplicative contractive condition of f , we have
for all n ∈ N. Thus we have
Next, we will assume that condition (.) holds. Hence β(z) ≥ . Then we have
Letting n → ∞, we get d(fz, z) = , that is, fz = z. This shows that z is a fixed point of f . Now we show that z is the unique fixed point of f . Assume that y is another fixed point of f . From the hypothesis, we find that α(z) ≥  and β(y) ≥ , and hence
This shows that d(z, y) =  and then z = y. Therefore, z is the unique fixed point of f . This completes the proof. Proof Starting from a point x  ∈ X in condition (), we get α(x  ) ≥  and β(x  ) ≥ . We will construct the iterative sequence {x n }, where x n = fx n- for all n ∈ N. Since f is a cyclic (α, β)-admissible mapping, we have
h http://www.journalofinequalitiesandapplications.com/content/2014/1/488 for all n ∈ N, where h = λ -λ < . Let m, n ∈ N such that m < n, then we get
Letting m, n → ∞, we get d(x m , x n ) → *  and so the sequence {x n } is multiplicative Cauchy. From the completeness of X, there exists z ∈ X such that x n → * z as n → ∞. Now, we assume that f is continuous. In this section, we apply our main results for proving a fixed point theorems involving a cyclic mapping in multiplicative metric spaces. In other cases, we see that the contractive condition (.) holds. Therefore, f is a multiplicative (α, β)-Banach-contraction mapping. It is easy to see that f is a cyclic (α, β)-admissible mapping. Since A ∩ B = ∅, there exists x  ∈ A ∩ B such that α(x  ) ≥  and β(x  ) ≥ . Next, we show that condition (.) in Theorem . holds. Let {x n } be a sequence in X such that β(x n ) ≥  for all n ∈ N and x n → x as n → ∞. Then we have x n ∈ B for all n ∈ N. Since B is closed subset of X, we get x ∈ B and then β(x) ≥ . Now, the conditions (), (), and (.) of Theorem . hold. So, f has a unique fixed point in A ∪ B, say z. If z ∈ A, then z = fz ∈ B. Similarly, if z ∈ B, then we have z ∈ A. Therefore z ∈ A ∩ B. This completes the proof.
Definition . Let
Similarly, we can prove the following theorems. 
